Rapidly changing climate makes humans realize that there is a critical need to rethink the current conservation and incorporate climate change adaptation into conservation planning. Whether Great Bustards' (Otis tarda dybowskii), a globally endangered species whose population is approximately 1,500~2,200 individuals in China, would survive in a changing climate environment is an important protection issue. In this study, we selected the most suitable species distribution model for bustards from four machine learning models, combining two modelling approaches (TreeNet and Random Forest) with two sets of variables (correlated variables removed or not), using common evaluation methods (AUC, Kappa and TSS) and independent testing data. We found Random Forest with all environmental variables outperformed in all assessment methods. Projected the best model to the latest IPCC-CMIP5 climate scenarios (RCP 2.6, 4.5 and 8.5 in BCC-CSM1-1), we found suitable wintering habitats in the current bustards distribution would increase during the 21st century, and dramatically extend eastwards, lightly northwards and westwards, with ongoing climate change. Northeast Plain and the south of North China and the North of East China would become two major suitable wintering habitats of bustards. However, some current suitable habitats will experience a reduction, such as in Middle and Lower Yangtze. Although our results suggest the habitats quantity and quality would widen with climate changing, greater efforts should be undertaken on human disturbance, such as pollution, hunting, unsuitable agriculture development, infrastructure construction, habitat fragmentation, oil and mine exploitation. habitat changes may occur, and guide future sampling, surveying, and conservation efforts 12 across China. We try to infer for the wider status of this bird during times of Global Change.
INTRODUCTION
environmental variables in ArcGIS. We removed a variable when correlation 1 coefficient >|0.90| was obtained (see correlation matrix in Supplement S3 (Costa et al., 2010) .
2
A total of 11 bioclimate variables were removed, 4 bioclimatic variables and 10 3 environmental variables were left. Consequently, we constructed two sets of bustard 4 distribution models: one was based on the result of correlation test that kept the 4 bioclimatic 5 variables and 10 environmental predictors were used to construct SDMs; the other approach 6 was to use all of the 19 bioclimatic and 10 environmental variables for model construction. 
Species distribution modeling and testing

8
Species distribution models combine information from point occurrence data and 9 environmental variables to predict the geographical distribution of species and communities. PrePrints two of the best performing models in predicting ecological species distributions with 1 presence-absence data (Zhai and Li 2003 , Elith et al., 2006 , Lei et al., 2011 . It also has been 2 extensively applied to project species range and vegetation shifts under climate change (Drew 3 et al., 2011) . For more details on TreeNet and Random Forest, we refer readers to read the 4 userguide (https://www.salford-systems.com/products/spm/userguide). About 10,000 5 pseudo-absence points were taken by random sampling across China by using the freely 6 available Geospatial Modeling Environment (GME; Hawth's Tools). We used 10 fold 7 cross-validation procedure for TreeNet, where it divided our dataset using 80% of the data for 8 model calibration and retaining 20% of the data for evaluation; and out of bag (OOB) data 9 used to test Random Forest. In addition, balanced was set as class weights, and 1000 trees 10 were built for all models to find the optimum. The test and background points were used to 11 calculate receiver operating characteristic (ROC) curves, the Kappa Statistic (Kappa) and the Kappa and TSS of all models, and also boxplots with 95% confidence intervals of relative 3 index of occurrence (RIO) for independent testing data (see Supplement S4 from literature 4 (the Threaten Birds of Asia, Collar et al., 2001 ). Subsequently, we applied the 5 sensitivity-specificity equality approach (Liu et al., 2005) as the most suitable threshold to 6 define the presence-absence distribution of great bustards wintering habitats, after comparing 7 three approaches (Kappa maximization approach (Liu et al., 2005) , the sensitivity-specificity 8 equality approach (Liu et al., 2005) , and lowest presence threshold approach (Pearson et al., 9 2007, see Supplement S5). A GCM (BCC-CSM1-1, developed by China) was used to 10 produce locally valid probability outputs for each scenario (RCP 2.6, 4.5 and 8.5). The 
Spatial analysis of potential effects of climate change
21
We applied ArcGIS 10.1 to calculate the area of different classes of great bustards habitats for three periods of time (current, 2050 and 2070) in three scenarios (RCP 2.6, 4.5 and 8.5). We 1 also used the tabulate area analysis (in ArcGIS 10.1) to assess the distribution patterns and 2 potential changes of different classes of the Great Bustard habitats. This allowed us to 3 identify areas of the habitat range that are projected to be lost, gained or remain under future 4 climate scenarios. While these projections do not take into account stochastic and other 5 effects yet, they allow to access business as usual scenarios using best-available science. In 6 addition, we can locate the directionality of these habitat changes and where they move, e.g. 7 east, south, west and north to obtain the birds' distribution shift trends. 
RESULTS
10
The high AUC values (>0.91) for all four models of great bustards (Table 1) Table 4 ). More specifically, in the Northeast Plain, projected habitat area gains to the east, infrastructure construction, habitat loss, habitat fragmentation, oil and mine exploitation for 7 instance).
8
According to our modelling, the Northeast Plain would become one of the major wintering 9 distribution areas for this species. Originally, there actually were several male individuals 10 overwintering in the Northeast Plain (Liu 1997). Here we speculated that more bustards, both 11 male and female individuals, may remain there. Based on this result, we inferred this habitat 12 will become a residential area or that bustards will have a shorter distance for migration than 
